I -INTRODUCTION
Low dimensional m a t e r i a l s have received considerable a t t e n t i o n i n recent years because o f t h e i r c h a r a c t e r i s t i c p r o p e r t i e s based on t h e low dimensiona l i t y . The n a t u r a l m a t e r i a l s which have layered s t r u c t u r e s such as mica o r g r a p h i t e have been known f o r many years.
Recently some m a t e r i a l s a r e a r t i f i c i a l l y synthesized,for example TTF.TCNQ (Tetrathiafulvalence-Tetracyanoquinodimethane as one dimensional s t r u c t u r e polymers, one dimensional s t r u c t u r e t r a n s i t i o n metal trichalcogenides, two d imensional s t r u c t u r e t r a n s i t i o n metal dichalcogenides and g r a p h i t e i n t e r c a l at i o n .
Some o f t h e g r e a t i n t e r e s t s a r e concerned w i t h t h e P e i e r l s t r a n s i t i o n , charge d e n s i t y waves and super conductors based on t h e F r o h l i c h mechanism.
Consider a one-dimensional metal conductor. Let t h e l e n g t h o f a u n i t c e l l be a. The r e l a t i o n between t h e k i n e t i c energy o f conduction e l e c t r o n s E and the wave number k i s given by F i g . l ( a ) . When the l a t t i c e i s d i s t o r t e d w i t h a period o f D which i s l a r g e r than a, then energy gap can be created as shown i n Fig. 1 ed a t t h e Fermi energy,the conductor becomes an i n s u l a t o r . This i s the P e i e r l s t r a n s i t i o n . At h i g h e r temperatures, t h i s energy gap w i l l disappear because o f t h e disturbance due t o the thermal energy o f l a t t i c e v i b r a t i o n s .
(b). I f t h e conduction e l e c t r o n system i s s t a b i l i z e d by t h i s l a t t i c e d i s t o rtion,and t h e s t a b i l i z e d energy i s l a r g e r than the energy o f l a t t i c e d i s t o r t i o n , then t h i s process spontaneously occurs. The n e t energy gain may be t h e l a r g e s t when the period o f l a t t i c e d i s t r o t i o n D s a t i s f i e s t h e c o n d i t i o n kF
The r e l a t i o n k T = 1.14 EB exp ( -1/ A)
(1) has been given, where h = v 2 D(EF)/(2Nw '1.
(2) k i s t h e Boltzmann constant, EB i s $bout the energg o f t h e band width, v t h e p e r t u r b a t i o n p o t e n t i a l , w frequency o f t h e l a t t i c e , N t h e t o t a l numb& o f u n i t c e l l s , D ( E~) t h e densiqy o f s t a t e s a t Fermi energy. The band gap E(T) i s w r i t t e n as AE(T) = ( A D ( E~) / z ) I n (1.14 E~/ (~T ) ) (3) f o r one dimensional metals. A i s a constant representing a m a t r i x element. F i g u r e 2(a) shows t h e l a t t i c e d i s t o r t i o n , Figs. 2 (b) and (c) show the s t a b l e and unstable e l e c t r o n d i s t r i b u t i o n p r o b a b i l i t i e s , which correspond t o Q and Q' s t a t e s i n Fig. l ( b ) , r e s p e c t i v e l y . This e l e c t r o n wave o f conduction and r a r ef a c t i o n is c a l l e d charge d e n s i t y wave (cDW). When t h e wave l e n g t h o f charge d e n s i t y wave becomes a simple m u l t i p l e o f l a t t i c e p e r i o d i c i t y , t h e CDW i s c a l led commensurate C D W (CCDW) ,when i t i s n o t a simple m u l t i p l e , t h e CDW i s c a l l e d inommensurate CDW (ICDW) . The e l a s t i c s t r a i n i s lower f o r t h e commensurate C D W than ICDW. Therefore ICDW o f t e n changes t o CCDW a t a lower temperature. The t r a n s i t i o n from I CDW t o CCDW i s c a l l e d t h e l o c k -i n o f CDW.
The speed o f e l e ct r o n s a t Fermi l e v e l i s u s u a l l y q u i t e f a s t , much f a s t e r than t h e v e l o c i t y o f l a t t i c e waves.
The group v e l o c i t y o f e l e c t r o n s , however, i s zero. The elect r o n system i s s t a b i l i z e d by t h e l a t t i c e d i s t o r t i o n o f special wave length. For the l a t t i c e v i b r a t i o n o f t h i s wave length, t h e d i s t o r t i o n becomes e a s i e r . The e l a s t i c constant becomes lower o r the l a t t i c e becomes s o f t e r f o r t h i s v ib r a t i o n o f t h i s wave length. This e f f e c t i s d i s t i n c t , p a r t i c u l a r l y f o r one d imensional conductors as shown i n F i g . 3. This i s c a l l e d g i a n t Kohn anomaly.
The e l a s t i c constant changes a t t h e CDW t r a n s i t i o n temperature. This e f f e c t has been measured i n many low dimensional m a t e r i a l s . I n some m a t e r i a l s , pretransformation changes, even above t h e t r a n s i t i o n temperature have been observed, such as t h e changes i n t h e l a t t i c e constant o r l a t t i c e softening.
At a b s o l u t e zero Kelvin, C D W has a d e f i n i t e amplitude and phase. At a f i n i t e temperature t h e amplitude and phase o f CDW have f l u c t u a t i o n s . These a r e c a l l e d amplitude mode and phase mode, r e s p e c t i v e l y . The phase mode i s c a l l e d a phason. The d i s p e r s i o n r e l a t i o n o f t h e modes ( q-w ) a r e shown i n F i g . 4.
The order parameter o f CDW can be w r i t t e n as $ = A exp ( i @ ) (4) where A i s the amplitude and 6 i s t h e phase. Above T1(CDW t r a n s i t i o n temperature)
To s a t i s f y eq (41, t h e r e a r e two p o s s i b i l i t i e s . 1 ) t h e amp1 i t u d e A becomes zero o r 2) the phase @ becomes random.
T r a n s i t i o n metals (M: T i , Z r , H f ; V, Nb, Ta; Mo, W) and chalcogens form MX2 and MX3 compounds. MX2's a r e t h e layered dichalcogenides which e x h i b i t twodimensional a n i s o t r o p i c p r o p e r t i e s and associated e l e c t r o n i c i n s t a b i l i t i e s .
E l e c t r o n -d i f f r a c t i o n s t u d i e s revealed t h e existence o f super l a t t i c e s t r u c t u r e s which a r e a t t r i b u t e d t o the formation o f charge-density waves.
The metal c o o r d i n a t i o n w i t h i n a l a y e r may be octahedral o r t r i g o n a l p r i s m a t i c , and the Dispersion r e l a t i o n of .phonons i n TTF.TCNQ and observed g i a n t Kohn anomaly. 
Fig.2. Two standing wave s t a t e s caused by p e r i o d i c l a t t i c e s t r a i n s (a) L a t t i c e l o n g i t u d i n a l waves, (b) E l e c t r o n d i s t r i -
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waves.
Wave number o f phonons q l a y e r s a r e stacked i n v a r i o u s ways, polytypes (lH, 2H, 4Hb, .... ) . The b a s i c s t r u c t u r e o f layered t r a n s i t i o n metal dichalcogenides i s t h a t t h e hexagonal t r a n s i t i o n metal l a t t i c e i s sandwiched by two l a y e r s o f hexagonal chalcogens. This b a s i c s t r u c t u r e i s m u l t i p l y e d by stacking. There a r e two b a s i c s t r u c t u r e s , octahedral and t r i g o n a l prism types (~i g . 5). 1T t y p e c o n s i s t s o f octahedral basic s t r u c t u r e s , o n l y . 2H and 3R t r i g o n a l prisms o n l y . I n 4 H ( b ) 6~, octahedral and t r i g o n a l prism a r e mixed.
T r a n s i t i o n t r i -c h a l c o g e n i d s form whiskers and e x h i b i t one-dimensional a n i s o t r o p i c p r o p e r t i e s . The e l e c t r i c a l c o n d u c t i v i t y i s much h i g h e r i n t h e d i r e c t i o n of t h e a x i s o f whiskers b u t much lower i n t h e perpendicular d i r e c t i o n s t o t h e a x i s o f whiskers. The c r y s t a l s t r u c t u r e o f C D W phases have been s t u d i e d by e l e c t r o n d i f f r a c t i o n and e l e c t r o n microscopy. The i n t e r r e l a t i o n o f t h e e l a s t i c modulus, thermal expansion c o e f f i c i e n t s , and spec i f i c heat has been c a l c u l a t e d /I/.
Sato e t a1 /2/ measured t h e momentum d i s t r i b u t i o n o f e l e c t r o n s i n IT-TaS2 and 2H-TaSe2 f o r the two c r y s t a l d i r e c t i o n s as a f u n c t i o n o f temperature by t h e Doppler broadening technique o f p o s i t r o n a n n i h i l a t i o n .
I n IT-TaS2, an observed change a t 220K i s ascribed t o t h e l a t t i c e expansion along t h e c-axis, and the o t h e r change a t 350K t o the vanishing o f a p a r t o f t h e Fermi surface, both a r e caused by t h e commensuration o f C D W ( F i g . 6). Below lOOK an e f f e c t o f Anderson l o c a l i z a t i o n was observed.
I n 2H-TaSe2 a c l e a r change was observed below 122K which i s ascribed t o t h e onset o f CDW ( F i g . 7). TEMPERATURE (K) Fig.11 . Modulus and i n t e r n a l f r i c t i o n near t h e incommensurate t r a n s i t i o n i n 2H-TaSe2 /6/. 
TEMPERATURE (K) I I -CHANGES IN ELASTIC CONSTANTS DUE TO CDW TRANSITIONS
The e l a s t i c constants change a t t h e CDW t r a n s i t i o n temperatures. TTF-TCN : Barmatz e t a1 /3/ observed an anomaly o f Young's modulus i n TTF-TCNQ a t abouP3SK. The temperature dependence o f t h e modulus i n 2H-TaSe2 i s shown i n F i g s . l O , l l , l 2 /6/. A small e l a s t i c anomaly occurs a t t h e incommensurate t r a n s it i o n near 121K, w h i l e a much l a r g e r anomaly takes p l a c e a t t h e commensurate t r a n s i t i o n near 90K. A small h y s t e r e s i s has been found a t 121K t r a n s i t i o n , t h i s i n d i c a t e s t h a t t h i s t r a n s i t i o n i s a second o r d e r transition.Unusual f e a t u r e o f the modulus behavior a t t h e ICDW t r a n s i t i o n i n TaSeZ i s t h e shape o f i t s temp e r a t u r e dependence. The temperature dependence i s expected t o be t h e same as t h e s p e c i f i c heat anomaly near t h e t r a n s i t i o n temperature. Figure 12 shows a l a r g e e l a s t i c h y s t e r e s i s ( sSK) which c l e a r l y demonstrates the f i r s t -o r d e r character o f 2H-TaSe2 90K t r a n s
i t i o n . F i g u r e 12 shows t h a t t h e d i f f e r n e c e i n t h e temperature o f t h e modulus minimum a t each frequency i n d i c a t e s t h a t e l a st i c h y s t e r e s i s a t t h i s t r a n s i t i o n i s frequency dependent. E l a s t i c anomalies
a r e a l s o observed a t 122K (TO) and 90K (Td) /7/.
2H-NbSe2:Barmatz e t a1/6/ measured t h e change i n t h e e l a s t i c constant i n NbSe2. F i g u r e 13 shows t h e temperature dependence of t h e reed modulus i n 2H-NbSe2. . Modulus and i n t e r n a l f r i ccurves o f t h e e l a s t i c p r o p e r t i e s near t i o n near t h e incommensurate t r a nt h e commensurate t r a n s i t i o n i n 2H-TaSe2/6/. s i t i o n i n 2H-NbSe2/6/.
The modulus reaches a minimum a t t h e incommensurate CDW t r a n s i t i o n a t 2 9 . 8~.
The h y s t e r e s i s was f a i r l y l a r g e , about 5K; t h i s i n d i c a t e s t h a t t h i s t r a n s i t i o n i s t h e f i r s t order. S k o l n i c k e t a1/8/ measured t h e apparent v e l o c i t y o f t r a n sverse sound propagating p e r p e n d i c u l a r l y t o t h e l a y e r planes i n NbSeZ. They found an anomaly a t t h e r e g i o n around t h e incommensurate CDW phase t r a n s i t i o n .
TaS3: B r i l l /9/ measured t h e change i n t h e modulus i n TaSe3 near t h e charge d e n s i t y wave t r a n s i t i o n a t 222K. The modulus has a l a r g e d i p ( 2%) a t t h e t r a n s i t i o n . The t r a n s i t i o n was t h e second o r d e r u n l i k e NbSe3.0rthorhombic TaS3 (0-TaS3) undergoes a charge d e n s i t y wave t r a n s i t i o n a t 220K. A number o f unusual t r a n s p o r t p r o p e r t i e s , most prominently non-Ohmic c o n d u c t i v i t y /lo/, when t h e e l e c t r i c f i e l d i n t h e sample exceedsa t h r e s h o l d f i e l d ET, which i s sample and temperature dependent.
A v a r i e t y o f physical models had success i n des c r i b i n g these phonomena i n terms o f CDW motion. The CDW i s pinned t o t h e l a tt i c e d e f e c t s f o r f i e l d s E ET and becomes depinned f o r E ET. B r i l l and Roark /11/ measured t h e modulus under e l e c t r i c f i e l d . They found t h e decrease i n t h e modulus. T h i s suggests t h e depinning o f CDW. NbSeL: B r i l l and Ong /12/ measured Young's modulus o f NbSe3. An anomaly i n Young's modulus was observed a t T1 ( 1 4 2~) b u t n o t a t T2 ( 5 8~) . These t r a ns i t i o n s a r e second o r d e r because no h y s t e r e s i s was observed. A t a second-order phase t r a n s
i t i o n , t h e change i n Young's modulus E i (measured along t h e i t h d i r e c t i o n ) i s r e l a t e d o t h e s p e c i f i c heat anomaly, Acp
( ~T C /~U~I~= (AE/Ei ) ( T c / Acp), where i i s t h e u n i a x i a l s t r e s s i n t h e i t h d i r e c t i o n and Tc i s t h e t r a n s i t i o n temperature. ZrTe5:
B r i l l and Sambongi/l3/ measured t h e change i n Young's modulus i n ZrTe5 as a f u n c t i o n of temperature (~i~. 1 4 ) . A sharp decrease i n modulus has been nal friction as a function of temerature. They found a peak near 54K corresbonding -56 -to the metal non-metal transition (Fig. 15) . In the loss at the transition the fundamental internal friction maximum is approximately four times larger than the first order maximum. The experimental results that for the lCDW transition in TaSe2, the acoustic loss is larger at the lower frequency is puzzling and nontrivial. Barmatz et a1 /6/ thought that such low relaxation frequencies are more characteristic of atomic loss mechanism such as diffusion point defects, dislocations,or macroscopic loss mechanism such as domain wall motion. Simpson et a1 /7/also obs ;ved attenuation peak at 90K and 121K. 1T-TaS2: Suzuki et a1 /14/ measured the internal friction in 1T-TaS2 as a function of temperature. On cooling, a wide damping peak at about 188K was observed, whereas on heating, a loss sharp maximum at about 220K appeared in the temperature ranges corresponding to the anomalies in modulus (Fig. 16 ). Comparing this with the heat capacity measurements, they suggested that the main peak i n h e a t i n g i s preceded by a p r e t r a n s i t i o n peak, w h i l e t h e main damping peak can be i n t e r p r e t e d as the r e s u l t s o f i n t e r n a l s t r e s s induced by t h e change o f t h e c r y s t a l symmetry.
TiSe2: A t t e n u a t i o n peak a t C D W t r a n s i t i o n has been observed /IS/.
TaS3: B r i l l / 9/ measured i n t e r n a l f r i c t i o n i n TaS3 near t h e charge d e n s i t y -wave t r a n s i t i o n (222K) (~i~. 17). B r i l l found t h a t t h e i n t e r a n l f r i c t i o n i s sample dependent and some samples showed no anomaly a t C D W t r a n s i t i o n . He suggested t h a t t h e i n t e r n a l f r i c t i o n i n t h i s sample i s due t o t h e presence o f domain, perhaps pinned by i m p u r i t i e s . B r i l l and R o a r k / l l / measured the i n t e rnal f r i c t i o n as a f u n c t i o n o f a p p l i e d e l e c t r i c f i e l d (Fig. 18 ) T h i s a l s o i n d icates t h e CDW w a l l s a r e depinned under a t h r e s h o l d e l e c t r i c f i e l d .
I V -ACOUSTIC EMISSION DURING CDW TRANSITIONS
Acoustic emission may be expected when t h e t r a n s i e n t e l a s t i c waves a r e genera t e d i n a r a p i d , u s u a l l y l o c a l i z e d , s t r e s s ( o r s t r a i n ) r e l a x a t i o n s accompanying, f o r example, t h e propagation o f d i s l o c a t i o n s o r t h e growth o f cracks. Dhtake e t a1 /16/ performed t h e experiments d e t e c t i n g a c o u s t i c emission due t o charge d e n s i t y waves i n IT-TaS2 and (TaSe4121. Figure 19 and 20 show t h e t o t a l event counts o f a c o u s t i c emissions i n IT-TaS2 and (~a S e 4 ) Z l , r e s p e c t i v e l y , as a funct i o n o f temperature. The a c o u s t i c emission was detected o n l y a t t h e CDW t r a ns i t i o n temprature on h e a t i n g i n IT-TaS2. I n one dimensional(~aSe4)21, a c o u s t i c emission was detected above t h e C D W t r a n s i t i o n temperature b o t h c o o l i n g and heating.
They suggested t h a t t h e a c o u s t i c emission was caused by t h e motion o f CDW domains by the analogy o f the case of t h e m a r t e n s i t i c transformation.
V -C D W DOMAIN WALLS
CDW domains can be created a t any l a t t i c e s i t e s .
These domains can be grown. At f i n i t e temperatures, domain s i z e i s a l s o f i n i t e (~i g . 2 2 ( a ) ) . I f t h i s i s F o u r i e r transformed, t h e p e r i o d has f i n i t e width. When domains i n phase( Fig.  22(a) ) h i t together, no domain w a l l i s formed (~i~. 2 2 ( c ) ) , b u t when domains i n anti-phase (~i~. 2 2 ( b ) ) h i t , the C D W domain w a l l s a r e formed (~I G . 2 2 ( d ) ) . This i s j u s t l i k e anti-phase domain boundaries i n t h e o r d e r -d i s a r d e r a l l o y s . These w a l l s can move back and f o r t h under a l t e r n a t i n g s t r e s s absorbing energy. T h i s may be the reason why t h e i n t e r n a l f r i c t i o n shows a peak a t CDW t r a n s i t i o n . Two dimensional domains have been discussed /17/.
The n u c l e a t i o n process has been a l s o discussed /18/. VI -Summary: Change i n e l a s t i c constants, i n t e r n a l f r i c t i o n peak and a c o u s t i c emission have been observed a t o r near t h e C D W t r a n s i t i o n temperature. The i n t e r n a l f r i c t i o n peak and a c o u s t i c emission near the CDW t r a n s i t i o n tempera t u r e a r e probab.ly due t o t h e motion o f CDW domain w a l l s .
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